Background: Prenatal care coverage is still not universal or adequately provided in many low and middle income countries. One of the main barriers regards the presence of socioeconomic inequalities in prenatal care utilization. In Brazil, prenatal care is supplied for the entire population at the community level as part of the Family Health Strategy (FHS), which is the main source of primary care provided by the public health system. Brazil has some of the greatest income inequalities in the world, and little research has been conducted to investigate prenatal care utilization of FHS across socioeconomic groups. This paper addresses this gap investigating the socioeconomic and regional differences in the utilization of prenatal care supplied by the FHS in the state of Minas Gerais, Brazil. Methods: Data comes from a probabilistic household survey carried out in 2012 representative of the population living in urban areas in the state of Minas Gerais. The sample size comprises 1,420 women aged between 13 and 45 years old who had completed a pregnancy with a live born in the last five years prior to the survey. The outcome variables are received prenatal care, number of antenatal visits, late prenatal care, antenatal tests, tetanus immunization and low birthweight. A descriptive analysis and logistic models were estimated for the outcome variables. Results: The coverage of prenatal care is almost universal in catchment urban areas of FHT of Minas Gerais state including both antenatal visits and diagnostic procedures. Due to this high level of coverage, socioeconomic inequalities were not observed. FHS supplied care for around 80% of the women without private insurance and 90% for women belonging to lower socioeconomic classes. Women belonging to lower socioeconomic classes were at least five times more likely to receive antenatal visits and any of the antenatal tests by the FHS compared to those belonging to the highest classes. Moreover, FHS was effective in reducing low birthweight. Women who had prenatal care through FHS were 40% less likely to have a child with low birthweight. Conclusion: This paper presents strong evidence that FHS promotes equity in antenatal care in Minas Gerais, Brazil.
Background
Prenatal care encompasses a wide spectrum of clinical procedures and assistance for pregnant women to improve maternal and child health. Not only are the benefits of prenatal care widely recognized in the literature --but in low and middle income countries, appropriate prenatal interventions are cost-effective [1] [2] [3] [4] [5] [6] [7] . Notwithstanding all the evidence of the benefits of prenatal care, (including reduction of neonatal tetanus, reduction of low birthweight and preterm-delivery, and screening and treatment of infectious diseases), its coverage is still not universal or adequately provided in many low and middle income countries [2, [8] [9] [10] [11] [12] [13] . Limited prenatal coverage remains one of the main barriers that signifies the presence of socioeconomic inequalities in prenatal care utilization. Socioeconomic (education, income and gender) inequalities matter for access to prenatal care. For instance less educated and lower income women have less information and resources to seek care. Besides, they usually have less confidence in healthcare providers and lower autonomy in households and live in rural/remote areas. In these areas, access to healthcare and transportation facilities is limited since they are in lower supply [9, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
In Brazil, prenatal care is supplied for the entire population at the community level as part of the Family Health Strategy (FHS), which is the main source of Primary Health Care (PHC) provided by the public health system. FHS has played an important role in the prevention of diseases and the promotion of health awareness since it constantly monitors families through systematic household visits by Family Health Teams (FHT). According to this strategy, families are the focus of public health policies that cover primary care for all population groups, from the newborn to the elderly individuals, irrespective of their health conditions. Family Health Teams (FHT) are mainly composed of family physician, nurse, nursing assistant and at least 4-12 community health agents (CHA) and are based in Health Units. Each FHT is responsible for at most 3,450 peopled living a catchment area [24] . The FHT must be able to detect symptoms of disease and to refer individuals to the needed healthcare unit. In addition, health promotion and disease prevention activities such as encouraging child immunization, antenatal care, and special care to individuals who suffer from diabetes, hypertension or coronary diseases are stimulated. Personal and household hygiene advices are also provided by the CHA in order to prevent and control infectious diseases, especially those caused by vector-borne viruses and bacteria [24, 25] . CHA play a fundamental role as they act as a bridge between the population and Health Units. They are responsible for families' enrolling and are required to visit each household on a monthly basis in order to identify risk factors and vulnerable conditions. Besides, CHA are required to promote active search of pregnant woman and refer them to receive prenatal care. This protocol contributes to strengthen the bond between health professionals and pregnant women.
Some empirical evidence has already been raised about the importance of FHS showing a robust impact on reducing infant mortality [26] [27] [28] and decreasing hospitalizations due to conditions sensitive to primary care [29] [30] [31] . Related to antenatal care FHS has contributed to scale up the coverage and to promote an equal access to adequate care [32, 33] . However, Brazil has some of the greatest income inequalities in the world [34] . Additionally little research has been conducted to investigate prenatal care provided by FHS across socioeconomic groups.
This paper addresses this gap by investigating the disparities in the utilization of prenatal care supplied by the FHS in the state of Minas Gerais, Brazil, using data from a population-based study conducted through a household survey. Minas Gerais is the third largest economy in Brazil and has strong socioeconomic disparities. Hence, its regional heterogeneity largely reflects that found in Brazil, making it representative of the country's socioeconomic and epidemiological profiles [35] .
Methods
This study is classified as cross sectional-ecological based on primary databases. Data were obtained from a household survey undertaken in Minas Gerais in 2012. This survey investigated healthcare services provided by the Family Health Strategy (FHS). A probabilistic multistage sample stratified by the thirteen health macro regions was defined in order to be representative of the population living in urban areas in the state of Minas Gerais [36] . The primary and secondary units sampling were respectively FHT and households. The definition of the number of FHT and households surveyed was based on the total of FHT in Minas Gerais in 2011 considering a margin of error of 5%. Therefore, 208 FHT were investigated in the State and equally distributed among the 13 health macro regions. The selection of municipalities took into account the socioeconomic disparities observed in the state measured by the Municipal Human Development Index (MHDI) and the number of FHT [35] . A total of 173 municipalities were selected and distributed in order to guarantee that 16 FHT were investigated in each health macro region. After the selection of municipalities, households were randomly drawn in geographical catchment areas of each health units. Since not all Health Units had available a map of catchment areas, we used the Official Register of Addresses provided by the Brazilian Institute of Geography and Statistics to identify the households (Fig. 1 ) located in the geographical area of each health unit, named here as potential catchment areas [37] . To estimate the number of households located in these potential catchment areas, the Health Units were georeferenced using the software ArcGIS and two assumptions were made: 1) each FHT provides PHC on average for 3,450 individuals; and 2) it was considered an average of four persons per household. In that manner, each potential catchment area would include 850 households.
The sample size comprises 1,420 women aged between 13 and 45 years old who had completed a pregnancy term with a live birth in the last five years prior to the survey. These women were selected if their child under five years old were living with their mothers in the same household. Mothers whose children did not survived were not included in the sample. As a result, maternal or infant mortality were not possible to be analyzed. In the case of more than one pregnancy during the five-year-period, only the pregnancy of the youngest surviving child was investigated. This study was approved by the institutional review board of the Federal University of Minas Gerais, protocol # 04200203000-10.
Variables
The outcome variables for the study were received prenatal care, number of antenatal visits, late prenatal care, antenatal tests and tetanus immunization. Antenatal visits were categorized into less than 6 and 6 or more visits as recommended by the Brazilian Ministry of Health [38, 39] . Late prenatal care was defined as having received the first antenatal visit after three months of pregnancy. The antennal tests included blood, urine, Sexually Transmitted Disease (STD) and toxoplasmosis test. As the tetanus immunization ensures protection during a ten-year period, some women do not take the vaccine during pregnancy since they have already been immunized before. Failure to consider this information may underestimate immunization coverage against tetanus. In this study, the coverage of tetanus vaccine immunization was estimated combining the information regarding immunized mothers during pregnancy with those who were already immunized.
Besides antenatal care components, we also investigated low birthweight using World Health Organization definition: infants born weighting less than 2,500 grams regardless of gestational age [40] . Since the Brazilian Health System is mixed, we also investigated the types of providers that supplied antenatal care that allowed for the role of FHS to be distinguished from that of the other antenatal care providers. Three types of providers were considered: FHS, other public health care facilities and private care (out-of-pocket and health insurance).
The independent variables for the study comprise the socio-demographic characteristics of the pregnant women such as mother's age during pregnancy, socioeconomic class, mother's level of education, region of residence, private health insurance coverage and diagnosis of hypertension and diabetes at the moment of the interview. Educational level was defined by an indicator with four categories representing the completed education level achieved by the respondents that were interviewed: 1) less than completed middle school; 2) completed middle school and incomplete high school; 3) completed high school; 4) over high school. Socioeconomic class is a categorical variable defined by the Brazilian Association of Research Companies [41] . This criterion classifies the population according to possession of household goods, number of domestic employees, and the highest educational level in the household. A wealth index was built for each household that was classified into three socioeconomic classes: A/B, C, and D/E. A descriptive analysis and multivariate logistic models were generated based on the outcome variables. Table 1 presents the distribution of characteristics of the women that were interviewed. The majority of them belonged to the middle class and had at least completed middle school. Around 25% were covered by private health insurance reflecting the same distribution observed for Brazil [42] . Regarding age, 14% was classified as risky pregnancy since 11% were aged between 10 to 19 years old (adolescent pregnancy) and 3.5% were over 39 years. Only 2% and 13% of the women reported suffering from Diabetes and Hypertension respectively.
Results
In the potential catchment areas, prenatal coverage was almost universal, evidencing the success of this policy in Minas Gerais. Only 15 (1.06%) women did not have access to antenatal care (results not shown here). FHT supplied care for 68.47% of the total women who received prenatal care and among those without private health insurance, this percentage increased to 79.51% (Table 2 ). These findings revealed that the FHS is the major provider of prenatal care in Minas Gerais. Additionally, FHS coverage is higher among the lower socioeconomic classes. For example, for women without private health insurance and belonging to the D-E classes about 90% have had prenatal care through FHS while among those belonging to the A and B 68% indicated that they have had prenatal care through FHS. In Minas Gerais at least 90% of women received more than 6 antenatal care visits independent of the type of provider and individual characteristics (Table 4) . Regarding quality of antenatal care, this survey investigated late prenatal care, tetanus immunization and antenatal tests. The results for antenatal tests showed that the coverage was almost 100% for blood test, urine and STD (Additional file 1: Table S1 ). The main difference was found only for the toxoplasmosis test, which had a lower coverage, less than 90%. Besides, it was noticed that about 50% of each antenatal test were performed by the FHS (Additional file 1: Table S1 ). Table 5 shows the chance of having undertaken each prenatal test by FHS. The results show that this probability is inversely associated to socioeconomic status: women belonging to D-E class had at least 5 times more chance to undertake any antenatal test by the FHS compared to those belonging to the A-B classes.
One of the main important outcomes for adequate antenatal care is birthweight. In this survey, around 12% of the mothers had a child with low birthweight, while in Brazil, this percentage was 8% in 2010 and among OECD countries, 6.6% [43, 44] . Table 6 shows the results for the logistic model estimated for the probability of having a low birthweight infant controlling for mother's and prenatal care characteristics. The most important explanatory factors are mother's age, multiple births and having received antenatal care by FHS. Mothers aged over 40 years old were three times more likely to have a low birthweight infant while multiple births increased the chance by 7 times (Table 6 ). On the other hand, women whose antenatal care was followed by FHS had a lower chance (40%) of low birthweight compared to those who received prenatal care by other type of providers (Table 6) . Regarding socioeconomic condition, mother's economic class and educational level were not important to explain the prevalence of low birthweight.
Discussion
Equity can be understood as the absence of systematic and potentially avoidable differences in healthcare access among population groups [45] . Despite its importance, basedpopulation studies dedicated to analyze characteristics of inequalities are scarce [46] . Considering this gap, the Note: Statistically significant at 1% margin of error (Sig. level = 99%); ** Statistically significant at 5% margin of error (Sig. level = 95%). NS not significant. *** Statistically significant at 1% margin of error (Sig. level = 99%) present paper investigated inequalities in antenatal care coverage and adequacy in a context of a community based program organized in geographical areas. In Brazil, FHS is the most important national health policy to provide PHC in the public health sector. The main findings of this paper showed that the coverage of prenatal care is almost universal in catchment urban areas of FHT in Minas Gerais state including both antenatal visits and diagnostic procedures. Due to this high level of coverage, socioeconomic inequalities were not observed. These results are in accordance to the evidence found for low and middle income countries. For instance, Neal et al. [47] compared antenatal care among 35 countries with different levels of coverage and showed that societies with low coverage are more prone to exhibit inequalities.
The universal coverage observed in Minas Gerais is largely explained by the FHS that was responsible for supplying care for around 70% of the women investigated. This percentage is even higher for those without private health insurance and belonging to lower socioeconomic class, 80% and 89% respectively. Women belonging to lower socioeconomic class were at least five times more likely to receive antenatal visits and any of the antenatal tests by the FHS compared to those belonging to the highest classes. These results are strong evidence that FHS promotes equity in antenatal care in Minas Gerais. The role of FHS in the provision of antenatal care was also noticed for other localities in Brazil. Bernardes et al. [33] showed that FHS was effective in reducing prenatal care inadequacy. The authors compared prenatal care utilization in São Luis, Maranhão (Northeast region), before (1997/1998) and after FHS implementation (2010). Also Cesar et al. [48] analyzed 23 prenatal care indicators for women in Rio Grande do Sul and showed that the coverage for women receiving care under FHS was similar to the ones in private facilities. Additionally to coverage, adequacy of prenatal care was also observed since 92% of pregnant women had more than six visits and only 10% had late prenatal care. These figures are similar for women who received care by FHS suggesting that all essential components of antenatal care are supplied by the public system. One important neonatal risk factor usually associated with prenatal care is low birthweight, which is also a predictor of child health status. Low birthweight infants are twenty times more likely to die than normal weight ones [40] . In our survey, even though average birthweight was around 3.130 kg, almost 12% of the children had low birthweight. Besides antenatal care, mother's conditions such as nutritional status, socioeconomic level, presence of hypertension and/or diabetes, drug and tobacco addiction, and age are important risk factors for low birthweight [49] [50] [51] . In Minas Gerais, low birthweight seemed to be associated with the mother's age and multiple pregnancy. Moreover, FHS was effective in reducing low birthweight. Women who had prenatal care through FHS were 40% less likely to have a child with low birthweight. As the coverage of antenatal care is almost universal, there were no significant differences among socioeconomic conditions highlighting once more the importance of FHS.
The success of FHS in providing adequate antenatal care is mainly explained by its design. First, as FHS is part of the public health system all services are provided without out of pocket payments, reducing the financial barriers to healthcare accessibility. Second, FHS is geographically based which guarantees proximity to the services thereby avoiding transportation barriers and minimizing opportunity costs. Usually the burden of transportation costs is higher for poorest population that lives outside the central areas. Third, CHA promotes active search of target populations including pregnant women. This strategy allows for a reduction in educational barriers since less educated individuals are less likely to Note: ***Statistically significant at 1% margin of error (Sig. level = 99%); **Statistically significant at 5% margin of error (Sig. level = 95%); *Statistically significant at 10% margin of error (Sig. level = 90%) NS not significant realize the importance of care and where they should search for care. Fourth FHS is a community based program that helps strengthen the relationship between providers and patients. It is worth to mention that CHA are recruited to work in the communities they reside in, which assures that they can easily identify the local needs of the population. Lassi et al. [52] showed that community based interventions are effective to provide antenatal care in low income countries. It has to be acknowledged that our data do not consider maternal, infant and child mortality since we only investigated women who had a child under five years old alive in the household at the moment of the interview. In order to take into account these outcome variables a larger sample size, not feasible to our budget, would be required. This limitation could bias our results since maternal and infant mortality can be prevented by adequate antenatal care. Consequently, our results could have underestimated the importance of FHS in promoting comprehensive equity in antenatal care since the study did not analyze data on the role of FHS in lowering infant mortality, which empirical evidence indicates that FHS is capable of reducing infant mortality rates in Brazil [26] .
Conclusions
This paper contributes to the discussion on equity in prenatal care in two ways. First, it analyzed the role of FHS in providing antenatal care considering households located in catchment areas of FHT using a representative sample of urban areas of the state of Minas Gerais. According to the 2010 Brazilian Population Census, 85% of the population in Minas Gerais lived in urban areas. This survey design helped the study to analyze the effectiveness of FHS taking into account the population that should be covered by the program. 'The study showed that FHS contributed to the promotion of' maternal and child care and with reduction in socioeconomic inequalities in Minas Gerais. Second, this study analyzed the role of FHS in the context of large socioeconomic disparities since Minas Gerais is marked by huge inequalities among regions and among individuals. With in all,, FHS was found to be the most important source of access among the poorest individuals without private health insurance while inequalities in prenatal care were not observed.
Equity is usually a measure of outcome concerning PHC. Guaranteed access to antenatal care services without differences regarding socioeconomic status is an important characteristic of health systems organized according the principle of universality. Besides that, there is a lack of studies producing evidences of equity, especially adopting a population-based design [53] . Considering this scenario the contributions provided by our work highlight the importance of strengthen the public primary health care, once it can contribute do overcome access barriers and increase the provision of preventive services. Note: ***Statistically significant at 1% margin of error (Sig. level = 99%); **Statistically significant at 5% margin of error (Sig. level = 95%); *Statistically significant at 10% margin of error (Sig. level = 90%) NS not significant
